In their solid state, some metal complexes assume quasi-one-dimensional structures comprising linear arrays of metal atoms (mostly present as cations) (1) (2) (3) . The anisotropic nature of such materials renders them attractive for their optical and electrical properties (1) (2) (3) . Among these compounds, the most widely investigated have been Magnus' green salt (4, 5) , [ where L 1 denotes a neutral ligand and L 2 denotes an anionic ligand or a corresponding part of a multidentate ligand, respectively. These species comprise a supramolecular arrangement of the planar [Pt(L 1 )4] 2+ and [Pt(L 2 )4] 2units which are stacked alternately (Figure 1) . Notably, the alignment of the platinum atoms in these compounds is a consequence of the electrostatic forces between the alternately charged coordination units (7, 9) .
These electrostatic forces, as well as crystal packing effects, determine the interplatinum distances that typically amount to 3.1-4.0 Å (7, (10) (11) (12) . In compounds with Pt-Pt distances shorter than ca. 3.5 Å, the orbitals of adjacent platinum atoms overlap significantly. As a consequence these compounds become semiconductive.
Processing of compounds derived from Magnus' salt has hitherto been cumbersome, if not impossible, because these complexes are largely insoluble and do not melt prior to decomposition. Only recently have solution-processible Magnus' salt derivatives of the type [Pt(NH2R)4][PtCl4], with R being an alkyl group, been synthesised (7, 9, 13, 14) . The side groups R not only favour solubility in organic solvents, but also influence the interplatinum distances, and therefore dictate the physical properties of the corresponding bulk materials. For example, the complex with R = octyl, having a relatively large Pt-Pt distance (ca. 3.6 Å), was found to be an electrical insulator, whereas those with R = (R)-2-ethylhexyl (eh) and R = (S)-3,7dimethyloctyl (dmoc), by contrast, were semiconductors as a consequence of their relatively short Pt-Pt spacings (< 3.3 Å). Importantly, the soluble [Pt(NH2R)4][PtCl4] derivatives could be processed like common polymers (14) (15) (16) , enabling, for instance, the manufacture of fibres by standard technologies. In the present work, we have explored the use of a process known as electrospinning to produce filaments of selected Magnus' salt derivatives.
Conducting Fibres of Magnus' Salt Derivatives
Electrospinning (17) (18) (19) (20) is a relatively old process (dating from the late 1910s), which has provoked renewed interest for the preparation of polymer fibres in recent years. In this technique, fibres are produced from polymer solutions under the action of electrostatic forces. Upon charging a polymer solution, the electric forces at the liquid surface can overcome the surface tension, resulting in a jet of electrically charged solution that is ejected towards an oppositely charged collector. If the solvent concomitantly evaporates, then polymer fibres accumulate at the collector. We have already reported the preparation of fibres by electrospinning of the insulating complex [Pt(NH2R)4][PtCl4] with R = octyl (14) . The production of these fibres was supported by the particular phase behaviour of these Magnus' salt derivatives. These compounds formed thermoreversible gels even at low concentrations of the Pt-complex, which strongly facilitated the spinning process. However, the resulting fibres are of only modest interest due to their insulating nature. Hence, in the following, emphasis is placed on the preparation and characterisation of fibres of semiconducting [Pt(NH2R)4][PtCl4] compounds with R = dmoc and eh. This treatment significantly expands on a previous brief sketch on R = dmoc filaments (16) .
Electrospinning of fibres of previously synthesised [Pt(NH2R)4][PtCl4] (R = eh or dmoc) was performed from solutions of the compound in toluene, using a simple laboratory setup ( Figure 2 ). In principle, it is possible to make very long fibres with this method by using a rotating metal cylinder instead of a metal plate as the negative electrode. Process parameters for the experiment (including optimal conditions) are given in Table I .
Uniform fibres of [Pt(NH2dmoc)4] [PtCl4] were produced, with lengths of 1-5 mm and diameters ranging from 0.1 μm to 2 μm. The large difference between the lengths of fibres obtained for the two compounds is attributed to the shorter Pt chain length of the [Pt(NH2dmoc)4][PtCl4] compound in toluene solution, compared with that for [Pt(NH2eh) 4] [PtCl4] (9, 13) . Fibres of Figure 3 ). This implies that the fibres possessed a considerable flexibility and resistance to bending stresses. These particular fibres broke as the loop was further tightened. Unfortunately, the [Pt(NH2dmoc)4][PtCl4] fibres were too short to carry out this experiment on them.
Both types of fibres displayed notable birefringence in the polarising optical microscope. For fibres observed between crossed polarisers, light was transmitted at maximum intensity at an angle of 45º between the polarisers and the axis of the fibres. The transmitted light intensity was drastically reduced when the fibre's axis was parallel or perpendicular to one of the polarisers, indicating that the quasi-one-dimensional structures were indeed oriented within the filaments along the filament axis. Molecular orientation of the Pt-structures within [Pt(NH2eh)4][PtCl4] fibres was confirmed by strong equatorial arcs in wide-angle X-ray diffraction pattern from a bundle of fibres ( Figure 4 ). The average orientation angle derived from the half-width at half-maximum intensity of the major equatorial reflections (21) was found to be ~ 13º. This value indicates a low degree of orientation of the Pt-fibres as compared with that of, for instance, liquid crystalline polymer fibres such as aramids, high-performance polyethylene and poly(hexyl isocyanate) (PHIC) (21) . Nevertheless, the orientation of the Pt-fibres is still significant considering that the organisation of the Pt-structures within the fibres is governed by electrostatic forces.
A tilt compensator (MgCl2 crystal) revealed a positive sign for the birefringence of [Pt(NH2eh) 4] [PtCl4] fibre taken between crossed polarisers. The double arrows indicate the configuration of the polarisers. The intensity minima of the fibre parts oriented parallel to one of the polarisers and the intensity maxima of the fibre parts oriented at a 45º angle to the polarisers indicate that the platinum compound is oriented within the filament * For R = eh, long, thin fibres were obtained when the voltage was gradually increased from 7 to 10 kV during processing [Pt(NH2dmoc)4] [PtCl4] and [Pt(NH2eh)4][PtCl4], demonstrating that the refractive index was greater in the direction of the fibre's axis than perpendicular to it. Interestingly, at higher magnifications, alternating bright and dark parallel bands appeared when [Pt(NH2eh)4] [PtCl4] fibres were examined between crossed polarisers ( Figure 5 ). These bands were separated by 10-15 μm and were perpendicular to the fibre's axis. These rather striking features strongly resemble those found in aramid fibres, for which their occurrence has been explained by a pleated sheet structure (22) .
For reasons as yet unknown to us, such bands were not observed in [Pt(NH2dmoc) Figure 6 ).
The bulk electrical conductivity along the axis of [Pt(NH2dmoc)4][PtCl4] fibres amounted to 2 × 10 -5 S cm -1 , and for [Pt(NH2eh)4] [PtCl4] to 7 × 10 -7 S cm -1 . These values exceeded those for the respective bulk compounds by approximately 2 or 3 orders of magnitude (1.6 × 10 -7 S cm -1 and 7 × 10 -10 S cm -1 , respectively). Similar enhancements with orientation have also been observed for (semi-)conducting organic polymers (23) . This is consistent with the assertion that the platinum chain structures in the filaments are oriented preferentially, with the quasi-one-dimensional axis parallel to the fibre's axis, since the platinum arrays are the principal conduction path.
Finally, in order to explore whether metallic platinum fibres could be produced by degradation of the solution-spun Pt-compounds, a number of fibres were subjected to plasma etching under an oxygen atmosphere for 20 min and 1 h periods, conducted in a plasma chamber. Interestingly, the (Figure 7(a) ). Upon exposure of 1 h, the structure coarsened and appeared to increase in density (Figure 7(b) ). This series of samples showed a weight loss of 25-30% after 20 min plasma treatment and of ca. 50% after 1 h. After 5 h plasma treatment the fibres had broken into several parts and could not be handled further. Considering that the initial platinum content of [Pt(NH2eh) 4] [PtCl4] is 37.2% w/w, it was unfortunate that plasma exposure for 1 h did not yield pure elemental platinum, which would have enabled the fabrication of platinum fibres by simple processing of a precursor. Consistently, the plasma-treated fibres did not exhibit electrical conductivities in the metallic range. can be processed to fibres by electrospinning from solution. The thickness and length of the resulting thin crystalline fibres depend on various process parameters such as solution concentration of the platinum compounds, applied voltage, and the distance between the polymer solution and the collector. The longest fibres (up to 30 cm) were obtained with [Pt(NH2eh)4][PtCl4]. The fibres were rather flexible and allowed the formation of loops. X-ray diffraction patterns indicated that the linear supramolecularly arranged coordination units were oriented along the axis of the fibres, which, accordingly, showed highly anisotropic optical properties. The fibres showed electric conductivities in the semiconductor range. Gratifyingly, the conductivities along the axis of the fibres exceeded the values for the non-oriented bulk materials by 2-3 orders of magnitude.
Conclusions
Given that films of [Pt(NH2dmoc)4][PtCl4] with oriented fibres are capable of functioning as the active semiconducting layer in, for example, FETs, Magnus' salt derivatives might possibly pave the way for mass-produced "plastic electronics" (16) . Other potential applications include environmentally stable semiconducting fibres (8, 16) .
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In the review of the crystallographic properties of platinum by the present author (1), the hightemperature data were represented by expressions derived from precision dilatometric thermal expansion measurements (Equations (i) and (ii)). Above 1000 K temperature, not only did length change measurements derived from lattice parameter measurements fail to agree with one another, they also showed marked scatter around the dilatometric results. The length change measurements were therefore unsuitable for calculating the lattice parameter thermal expansion. This problem was addressed by correcting the dilatometric data for thermal vacancy effects (Equations (iii) and (iv)), based on the consistent set of thermal vacancy parameters given in Table I 
1.32k
Note: k is the Boltzmann constant, given at the time of publication of Reference (1) as 8.617385 × 10 -5 eV K -1 to within 4 × 10 -9 K -1 and to within ± 2 × 10 -9 K -1 overall, well within the accuracy of Equation (i) of ± 2 × 10 -8 K -1 .
In Equations (i), (iii) and (v), α* is the thermal expansion coefficient relative to 293.15 K.
Erratum
In the review (1), equations were given representing a precision relationship between thermal expansion and specific heat. However, the third equation on page 19 of (1) (at the top of the righthand column) was incorrectly given. It should have read: This new development, designed to enhance the U.K.'s competitive position in emerging clean energy technologies, was instigated by the Department of Trade and Industry. The Network was launched simultaneously in Yokohama, Japan, at the Japan Society of Automotive Engineers congress.
Fuel Cell Today and the other KTN partners have combined their specialist knowledge to cover broad aspects of sustainable transportation (www.low-carbon-ktn.org.uk) and the full complement of commercial opportunities for fuel cells, from portable battery replacement through to power generation and transport applications. A principal aim is to accelerate the development and deployment of fuel cells in the U.K.
The KTN will provide a range of services to the U.K. low carbon and fuel cell community including a dedicated website, Business to Business facilities, networking opportunities, online conferencing, briefing notes, and expert opinions on technology and policy. The launch of the KTN is timely. As the commercial phase of fuel cell development gets underway, the U.K. fuel cell community now has a real opportunity to influence domestic and even worldwide markets.
The advent of the Low Carbon and Fuel Cell Technology KTN is evidence that the U.K. Government is reshaping its approach to boosting U.K. fuel cell industry capabilities and competitiveness in line with broader international industry trends. Currently, the U.K. does not sit with the United States, Japan, Canada and Germany in the first tier of international fuel cell development, but it has an undeniable depth of expertise which bodes well for the future. The U.K. also has some of the most innovative companies in the business. With effort, and continued Government support, the U.K. might yet take a place at the top table.
The Fuel Cell KTN website can be viewed at: www.fuelcellktn.com. For further information on this KTN and the services which it offers, contact: moderator@fuelcellktn.com.
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The first half of the 19th century was a crucial period in the discovery and metallurgical study of platinum and its allied metals, iridium, osmium, palladium, rhodium and ruthenium. Only platinum was known in 1800, but all six were known by 1844 (4-7). The subsequent development of their refining and production processes is not well known, probably due to commercial secrecy. Contemporary 'best practice' reports, for instance by Sobolevsky's Russian Royal Mint in St. Petersburg (8) , are therefore not necessarily comprehensive or reliable in their technical detail.
When significant deposits of platinum were discovered in the Ural mountains, the Russian authorities, and in particular the then Minister of Finance, Count Egor F. Kankrin wanted to use it for coinage along with gold and silver denominations. The value ratio between the three metals was set at 15.6:5.2:1 for gold, platinum and silver, respectively. Large-scale platinum ore processing began following the decision in April 1828 to issue platinum roubles. This was done at the Royal Mint in St. Petersburg, supervised by General Sobolevsky. A technically successful process used about 20 tonnes of platinum ore from 1828 to 1845, striking more than 1.3 million 3 rouble pieces (Figure 1 ), almost 15 thousand 6 rouble pieces and 3474 12 rouble pieces, with a total platinum weight of 485,505 troy ounces (approximately 15.1 tonnes) (Reference (4), page 247). The monetary side, however, was less successful. In 1845 the Russian government demonetised the entire platinum coinage, which was sold to various European platinum refineries for reworking.
There was something of an 'afterlife' for the Russian platinum roubles when the Russian Royal Mint produced fresh coins ('Novodels') for collectors in the late 19th century. Officially struck, using the original dies, these are numismatically identical to the original series. It may be difficult to distinguish authentic early to mid-19th century coins from the 'Novodels' by established numismatic criteria, particularly since the latter are typically in mint condition, and more likely to be found in major reference collections. A written provenance is often missing, so a scientific protocol is required to distinguish 'Novodel' issues from monetary 120 The Minting of Platinum Roubles (1) (2) (3) with a summary of recent research into the manufacturing history and materials characterisation of these coins. The results are not only significant for the identification of genuine roubles issued between 1828 and 1845, 'Novodel'issues produced in the late 19th century, and outright forgeries of the 20th century, but offer a fascinating insight into the difficulties encountered at the time in the large-scale refining and processing of platinum metal. A range of instrumental methods have been used to elucidate the magnetic properties, chemical composition and low density of genuine roubles, and to reveal their complex internal structure. The resulting new insights into the historical practice of platinum metallurgy are unbiased by concerns about industrial espionage, state secrets, and professional rivalry. coins. A further complication is the existence of 20th century forgeries, allegedly produced in the Lebanon, and perhaps also elsewhere.
This paper augments a series of articles on Russian roubles in this Journal
Recent literature (1) (2) (3) 9) has drawn attention to a valuable body of technical information. It is the aim of this paper to give an up-to-date, first-hand account of key results from the ongoing research of the author's group into these coins, and to outline the potential of early coins and medals for providing direct and precise information regarding the development of platinum metallurgy over more than a century.
Early 19th Century Platinum Refining
The early metallurgy of platinum was considerably hampered by its chemically and thermally refractory nature, and by the presence in the ore of other, not easily separable elements (typically about 25% in total of varying amounts of the other platinum group elements, plus iron and copper). Most proposed refining methods relied on dissolving the ore in aqua regia (mixed concentrated hydrochloric and nitric acids), followed by selective precipitation of platinum as ammonium hexachloroplatinate. Careful washing was needed to remove as much of any coprecipitated iridium and iron salts as possible without excessive loss of platinum. The dried precipitate was brought to red heat, driving off the ammonia and chlorine, and yielding a metallic platinum sponge. The sponge was then ground, forged and hammered, with repeated annealing cycles. The result was a solid metal which was forged into bars and sheets. The density of the metal sponge increased progressively during hammering to a maximum of around 21 g cm -3 , close to that of pure platinum at 21.45 g cm -3 .
Over twenty years, Wollaston perfected the refining and working of platinum at a laboratory scale to economic success (6) . The Royal Mint in St. Petersburg, on the other hand, pioneered industrial use of the early powder metallurgy, reportedly with several refining variants along the way (4, 7, 9, 10) . The relative merits and efficacy of the variants in terms of finished metal quality cannot be judged from these publications alone.
Investigation of Russian Platinum Coins
Bachmann and Renner's (11) were the first analytical results, based on scanning electron microscopy and X-ray fluorescence analysis on an 1829 3 rouble piece. There was a significant degree of porosity at the surface, as expected for material produced by powder metallurgy, and with 0.5 wt.% iron and about 0.1 wt.% each of palladium, rhodium and chromium present. The density of the material was 20.7 g cm -3 . The authors record a visible improvement of the surface quality of the coins over the production period. There has been no metallographic study, or discussion of the range and origins of impurities, until recently.
The present study used a series of 3 rouble coins from 1828 to 1842. It was prompted by the observation of a magnetic moment and substandard density for most of them. Only the 1828 coin was in mint condition; the other eight showed clear signs of wear and circulation. A Russian Olympic commemorative platinum coin struck in 1977 was included to represent more recent metallurgical standards. Analysis was largely non-sampling and non-destructive. Only one of the coins was sampled for metallographic study. Full analytical details and results have been published elsewhere (9, 12-14 and literature cited therein). This paper summarises the results and addresses the coins' potential significance for the history of platinum metallurgy.
Material Characterisation
The 3 rouble coins are inscribed with their nominal weight of 2 zolotnik (zol.) 41 dolya (dol.), or 10.35 g, pure Ural platinum; the measured weights vary from 10.35 g for the 1828 issue to less than 10.1 g for the 1837 coin (Table I) . Density values were scattered in the range 20.0 to 20.7 g cm -3 ; the 1828 issue had a density of 21.3 g cm -3 . This agrees with contemporary values from the early 19th century literature of about 20 to 21 g cm -3 , while placing the 1828 issue close to the theoretical value for pure platinum. Three of the coins showed a considerable response to an ordinary hand-held magnet; a fourth could be lifted bodily; the other three showed no perceptible response, among them the 1828 coin. It became evident that the uncirculated coin dated 1828 was probably a late-19th century 'Novodel' issue. This was used thereafter as an internal standard for technically pure platinum; its chemical characteristics are given below, together with those of the 1977 commemorative issue.
Where coins showed a magnetic moment, this was quantified using a Förster deflectometer. The instrument was calibrated on the 1828 coin rather than on a sheet of pure platinum, so that the geometry of the reference piece would be identical to that of the samples. The six other coins gave values between 8 and 35 units -results of little significance in themselves, but clearly not random in the light of other observations (Table I) .
From an initial qualitative chemical analysis by scanning electron microscopy with microanalysis by energy-dispersive X-ray spectroscopy (SEM-EDS), the only readily detectable impurities (chlorine and calcium among others) were probably surface contaminants. Of likely primary contaminants from the ore, only iron was detected. However, due to the extremely dense matrix, the detection limits for this and other elements were rather high, precluding reliable quantification and interpretation of the results. The peaks for other elements such as gold and iridium were too close to the dominant platinum peaks to be properly resolved at low concentrations. Two series of Xray fluorescence (XRF) analyses were performed, both measuring approximately two thirds of the coins' surfaces. Iridium, gold and iron were detected in most coins, followed by minor signals for copper, nickel and occasionally zinc. The second series of analyses by energy-dispersive spectroscopy identified iron and iridium as the main contaminants, both at around 1% by weight, followed by copper and gold in the range 0.1-1%. Rhodium, palladium and nickel were typically present at around 0.1% or less. Elements such as titanium, zinc and tin rarely exceeded a few hundred parts per million (Table II) .
The results for the obverse and reverse of each coin are typically very similar, but several coins showed much higher readings for some elements on one side only -for instance, copper and gold at around 1% each on the reverse of the 1838 issue. This was consistent with macroscopically visible gold specks on the coin's surface. One of these particles proved to be a high-copper gold alloy with a low silver content, unlike natural gold nuggets which have a rather lower copper content and a higher silver content. The 1844 3 rouble piece analysed by Lupton (2) gave a similar result.
The 1837 coin studied here shows abnormally high levels of nickel, silver and tin on its reverse, together with an elevated copper level.
Both the magnetic and chemical analyses indicated a significant presence of iron in these coins, but did not distinguish between mechanically incorporated iron-rich particles (either oxide or metal) and iron alloyed to the platinum matrix. Xray diffraction (XRD) was used to determine this. The XRD pattern for the 1828 'Novodel' issue exactly matched the indexed peak positions of pure platinum, demonstrating that the surface morphology of the coins had little or no influence on the XRD pattern. The only peaks found were those of metallic platinum, with the peak positions for all coins other than the 'Novodel' issue being shifted to slightly higher 2θ values, that is, smaller lattice spacings. The atomic radius of iron in the metallic bond is about 10% smaller than that of platinum; hence, substituting iron for platinum will decrease the cell parameters of the resulting alloy, as observed in the coins. After Cabri and Feather (15) , the deviation of the measured peak from the ideal was used to calculate a theoretical value for the iron content in the alloy. Cabri and Feather's Figure 3 gives the relationship between iron content and peak shift for chemically analysed binary platinum-iron alloys. The coins, however, are more complex multielement systems with significant amounts of iridium, rhodium, gold, copper, and possibly other elements, as well as iron. All these elements will affect lattice parameters, but the whole effect is here ascribed to iron, that is, a binary system is assumed. Thus the calculated theoretical iron concentrations represent the total effect of all alloying elements rather than that of iron alone. However, one may be confident of the dominance of iron in the peak shift since the atomic radii of other major contaminants are very similar to that of platinum, or they are present in concentrations much lower than that of iron. In particular, the atomic radii for iridium and gold are only slightly lower (iridium) Platinum Metals Rev., 2006, 50, (3) 123 Measured using a "Spectro X-LAB 2000" XRF spectrometer. All data in ppm. The upper row gives values for the obverse, the lower row for the reverse. Other metals were also found in most coins, up to hundreds of ppm, such as zinc. *The 1838 coin has gold specks visible on its reverse. **The 1828 coin is a 'Novodel' issue, probably produced in the late 19th or early 20th century or higher (gold) than that of platinum; thus, the main contribution to the peak shift is probably due to iron and copper, which are both significantly smaller in radius than platinum. The copper concentration is known to be about one quarter of the iron concentration. Most of the crystal lattice deformation is therefore due to the iron component, with possibly up to one quarter due to the copper, and much less due to iridium. The maximum theoretical iron content calculated from the XRD pattern is about 2 to 2.5 wt.% Fe, and can be as little as 0.5 wt.% (13) . This agrees very well with the iron content measured by XRF of around 0.5 to 1.5 wt.% (see Table I) , with up to one quarter of the calculated shift ascribed to copper. In summary, the XRD pattern confirms a significant presence of iron in the platinum lattice, as an alloying component in solid solution rather than as a mechanical impurity.
It is important to recall that, while eddy current and density measurements test the entire coins, both XRF and XRD analyses only characterise the near-surface parts of the coins, as the extremely dense matrix will have prevented any penetration of the X-rays beyond a few tens of μm.
Metallographic Investigation
The 1837 coin was chosen for metallographic investigation of its interior, having shown the strongest magnetic response to the hand-held magnet and among the highest impurity content in the XRF analysis. However, its calculated iron content according to XRD and eddy current readings was only moderate. Sampling was done with a slowmoving diamond-impregnated cutting wheel, removing a triangular cross-section from the rim. The sample was mounted in cold-setting resin, perpendicular to the coin's flat surfaces; then ground and polished by standard procedures down to a quarter micron diamond finish for optical and scanning electron microscopy.
Most striking under the optical microscope was the high density of tiny oxide inclusions throughout the body of the coin, but notably absent immediately beneath the two main surfaces (Figures 2(a) and 2(b)). The inclusions consisted mainly of oxides of iron and nickel. Two distinct, adjacent oxide phases were observed, haematite and magnetite, which are described in Table III .
The marked absence of metal oxide inclusions near the surfaces, and within certain layers in the Platinum Metals Rev., 2006, 50, (3) 124 Fig. 2(a) , but at higher magnification body, was interpreted as a result of pickling of the hammered sheet metal during the process, before its being folded over for repeated hammering, and then of pickling of the coin blanks after the final annealing. This would have removed any oxide scale from the surface and the immediate sub-surface layer. Notably, there were no voids or pores in the body, nor were any grain boundaries apparent. However, in cross-section the outer surfaces did show some imperfections and irregularities (e.g., Figure 2 (a), top part of machined rim), comparable to those observed earlier by Bachmann and Renner (11) using non-destructive SEM imaging
The clean near-surface layers and the inclusionrich body were analysed separately by a scanning electron microscope fitted with a wavelength-dispersive spectrometer. Results are summarised in Table IV . The iron results were the most interesting, showing a clear tendency to higher concentrations in the body than near the surface. This further corroborates the hypothesis of partial iron depletion of the surface metal by oxidation and leaching.
To elucidate the metallographic structure of the platinum matrix, and to better understand the relationship of the inclusions to the matrix, we turned to the Johnson Matthey Technology Centre for help with etching. This was done in hydrochloric acid saturated with sodium chloride, and applying an alternating current to the sample. Initially, the etching attacked the oxide inclusions only. The metal grain structure which eventually became visible was relatively coarse, with a clear elongation of the individual grains parallel to the flat surfaces of the coin (Figures 3(a) and 3(b)). The cycles of forging and annealing, the latter often at high temperatures and over many hours (4) , prior to the striking of the coins, had clearly obliterated the initial structure of the metal sponge. Grains were on average about two orders of magnitude larger than the inclusions. No systematic spatial relationship between the inclusions and the metal grains was apparent.
Compositional Characterisation of the 1828 and 1977 Coins
Together with the six coins dated between 1829 and 1842, two later coins not intended for circulation were analysed by XRF: the 'Novodel' issue labelled 1828, but probably made in the late 19th or early 20th century, and the 1977 commemorative issue. Their density and XRD pattern were much closer to the theoretical values for pure platinum (see above). They gave no unusual magnetic response. Their chemical (surface) composition is given in the bottom two rows of Table II . It is obvious that they are made from more highly refined platinum, with much lower levels of all contaminants. Not unexpectedly, the 1977 coin shows the least contaminations, with about 550 ppm iron as the major impurity, whereas the 'Novodel' issue ( Figure 4 ) still has more than 2000 ppm iridium and iron, and a slightly higher copper content than the 1977 issue. Notable is the almost complete separation of gold, first witnessed here ( Figure 5 ). The occurrence of anomalously high levels of certain elements on one surface only is not restricted to the early coins; the 'Novodel' issue has on its obverse much higher readings for titanium, iron and zinc. The origins of these and other similar high readings are not yet known, requiring more research on both manufacture and subsequent treatment.
Interpretation of the Results
The physical, chemical and metallurgical characteristics of the coins relate directly to their manufacture. The considerable contamination, both as discrete inclusion of iron oxide, and as alloying elements in the platinum, such as iron, iridium, copper, rhodium and gold, reflects the limitations of the refining operation based on selective precipitation from aqua regia. The practitioners of the time were well aware of the necessity to rinse the precipitate sufficiently to remove as much of the iron as possible, but not so as to lose too much platinum.
The methods available to separate iridium and platinum were all laborious and far from quantitative, so it is unsurprising that iron and iridium are the main contaminants in the coins, with concentrations of around 1 wt.% each. Other elements, such as rhodium, palladium, copper and gold, accompany platinum into the precipitate to some extent. Iron was probably the most deleterious contaminant, at higher concentrations rendering the metal too hard and brittle for successful forging and striking. The upper limit of tolerability of iron contamination obviously depended strongly on the intended use of the metal, while the purity attainable depended on the skills and experience of the practitioners as much as on the quality of reagents and tools available.
The research and development which eventually made platinum workable centred on mechanical treatment as much as on the refining procedure (4). Even Wollaston, the undisputed authority on refining and working platinum in the first decades of the 19th century, was not able to obtain platinum metal free of iron; after each forging and annealing cycle he found iron scales which had to be removed by pickling before resuming the treatment (16) . Analysis of platinum wire made by Wollaston, and now held in the Science Museum, London, found about 0.35 wt.% iron and 0.2 wt.% iridium in the metal (10) .
Metallographic investigation of one of the coins demonstrated that the iron is partly present as iron oxide particles within the body of the coin, and partly as an alloying element in the platinum matrix. For wire drawing, both oxide inclusions and the hardening effect of the iron and iridium alloy component would have been detrimental, requiring purer platinum than for coin minting. This observation is borne out in the different levels of residual contamination in the metal of Wollaston's wire and the Russian coins.
The degree of contamination in the eight genuine coins analysed here falls in the range 2 to 4 wt.% of combined impurities near the surface; there is a further impurity contribution from the oxide inclusions within the coin matrix. The three coins with the lowest impurity levels are those minted in 1829, 1831 and 1835, that is, during the first half of the period of coin production. Iron, the element most critical to the malleability of refined platinum, shows no decrease during these years. Iridium levels apparently increase slightly. This absence of a consistent trend suggests that refining practice remained basically largely unchanged, resulting in a platinum content of probably only around 95 to 97 wt.% for the genuine coins.
Looking at the data reveals a positive correlation in the concentrations of the three platinum group metals (pgms): iridium, rhodium and palladium, with the highest value for all three elements found in the 1842 coin, and generally low values in the 1835 issue. Iron, on the other hand, follows a different pattern, reasonably well correlated with copper. This probably reflects the different behaviour of these elements during refining and manufacture; we may assume that they all co-varied throughout the precipitation of the platinum sponge and the subsequent washing steps. Only copper and iron are likely to burn out as oxides during the hot forging and pickling. The nature of the oxide inclusions -haematite and oxidised magnetite -clearly indicates aggressively oxidising conditions during metal processing. This is conducive to the further removal of metallic iron from the alloy during hot forging.
It is known that the platinum ore was processed in batches of around 10 to 15 kg per day (8) . One may assume that the observed variability in coin composition reflects variability between batches rather than systematic changes in practice. On the other hand, Sobolevsky (8) mentions improvements in the refining procedure followed at the Royal Mint in St. Petersburg, so a reduction of overall impurity levels among the coins over the production period would thus not be unexpected. Schneider (17) reports that at some point the procedure to separate iridium from platinum changed from using an initial excess of hydrochloric acid in the solution, with selective precipitation of the platinum, to selective precipitation of all pgms other than platinum by adding limewater in darkness. It is plausible that the generally higher and more constant levels of iridium in the second half of the production period reflect this change. The quality achieved early on was evidently fit for the purpose, while the slight increase in impurities over time might even indicate that the mint masters learned to cope with them. However, to further explore the issue of variability and trends in composition, a much more comprehensive series of analyses is required, covering multiple coins for each year, as well as more archival research in Russia.
A clearer distinction emerges between the genuine and the later coins, which have total impurity levels of less than one per cent (Table II , bottom two rows). Not unexpectedly, the 1977 coin shows the least contaminations, with about 550 ppm iron as the major impurity. In contrast, the 1828 'Novodel' issue still has more than 2000 ppm each of iridium and iron, although most contaminants are present in significantly lower concentrations than previously. The platinum content is better than 995/1000, if one ignores the possibly erratically high iron content on the coin's obverse. The 'Novodel' and 1977 issues demonstrate major progress in refining and manufacturing practices over more than a century, first following the introduction of hydrogen-oxygen burners in 1847 and then, in the 20th century, the introduction of electrochemical refining. The almost complete separation of platinum and iridium, evident from the 1977 coin, leaves iron as the last major impurity -present at more than just a couple of hundred ppm -thus qualifying the platinum for "999" fineness.
The content of most impurities is below the detection limit for typical EDS systems attached to scanning electron microscopes, and iron levels alone are no reliable discriminator for genuine coins versus 'Novodel' issues. Willey and Pratt (3), for instance, report very low levels of iron in their 1834 coin and use this to interpret this coin as a forgery. However, the EDS spectrum of that coin shows in addition to the iron peak a significant rhodium peak (cf. their figure on page 137 of (3)), unknown in other 'Novodel' issues but appearing in other genuine coins; also, its weight is only 10.16 g, very much in line with the genuine coins studied here. This coin may have been made from a particularly iron-poor batch of metal, but still within the period of genuine coin production. Lupton (2, p. 78) found even lower iron levels in the two 3 rouble pieces analysed, of 0.3 and 0.4 wt.%, respectively; these coins had densities of around 20.8 and 20.4 g cm -3 and sufficient other impurities to suggest that they were indeed genuine.
Conclusions
Russian platinum coins have been analysed to characterise their physical and chemical properties. In conjunction with published information on the refining and working of platinum in general, and of these coins in particular, criteria have been established to distinguish authentic coins, issued between 1828 and 1845, from later official reissues, known as 'Novodels'. The density of the authentic coins generally falls between 20 and 21 g cm -3 , while later coins seem to have a density comfortably above 21 g cm -3 . Similarly, weights below the nominal 10.35 g seem to be common among genuine coins (Table I) . A recognisable magnetism appears to be an indicator, though not a prerequisite, for authenticity, as is a complex pattern of specific chemical impurities in the metal (14) .
A full understanding of most of the observed physical and chemical characteristics of the nine coins studied here was only possible through the metallographic investigation of one of them (the 1837 issue). Even allowing that one sample may be misleading, we feel that the metallography rendered much more reliable the interpretation of results obtained by non-sampling and non-destructive methods for all these coins.
Platinum refining during the 19th century relied primarily on a complex and then only partially understood sequence of dissolution and precipitation. The main criteria for the purposes of the Royal Mint in St. Petersburg were the malleability of the resulting metal, to be balanced against the overall costs of the operation, and manageability at an industrial scale. The analysis of the genuine coinage of the first half of the century suggests that impurity levels were tolerable, particularly as regards iron and iridium. For both elements, typical concentrations were found to be in the one per cent range, clearly worse than in Wollaston's contemporary metal, refined at a laboratory scale (10) . The relatively wide scatter in impurity concentrations found among the coins analysed so far indicates a degree of flexibility in refining practice at St. Petersburg. The 'Novodel' issues are of a considerably higher purity than even the best genuine coins in terms of several critical elements, including gold, iridium, copper, nickel and iron. The present analysis uses only a single 'Novodel' issue, so quantitative characterisation must be cautious. A marked increase in refining quality is, however, to be expected over the fifty years between the production of the original and the 'Novodel' issues, and apparent in all four major contaminants, iron, iridium, copper and gold. The Russian 1977 issue, analysed as an example of a modern use of platinum for commemorative coins and medals, is almost pure platinum, with only minute transition metal concentrations. It is very obviously different from the 19th century metal.
Future work should concentrate on characterising the 'Novodel' issues more fully, both in their chemical composition and physical properties such as magnetic response, density and possibly microstructure. This would greatly improve our discrimination between the two series, which are otherwise almost indistinguishable. It would be of interest to study the homogeneity within and variability between individual metal batches of the genuine coinage on a year-to-year basis. This could show whether any of the indicated changes in St. Petersburg's refining procedures resulted in systematic shifts in composition, if not in improvements in platinum fineness, or whether the observed variability of the composition simply reflects the variability of ore batches or individual batch preparations, without a specific chronological trend in quality.
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Bushveld Platinum Reported on 10th November 1906
In geology it is risky to claim a date for the "first" documentation of any event. However, it is suggested that for the occurrence of platinum in the Bushveld Complex, this can reasonably be considered to have been a report (2) by William Bettel on 10th November 1906 in an article in South African Mines, Commerce and Industries, a weekly journal then published in Johannesburg.
Platinum in South Africa
To cover all possibilities concerning first dates, a reference to "platina" (the old name for platinum) should be mentioned. A specimen, together with assorted other geological samples, was displayed on Church Square, Pretoria, by a prospector, Dick Hart. It was collected from an area of ~ 130 km by 75 km around Pretoria. The event was recorded in the Pretoria newspaper Die Volkstem on 27th July 1885 (cited in (3), p. 52). There is no reason to doubt the prospector's identification ("platina" had little value then), or the probability that it came from the Bushveld Complex, but the display had no impact on the mining community.
To return to Bettel: he was the chief chemist at the Robertson gold mine in Johannesburg at the time. His story begins in 1890 when he analysed a "black sand" concentrate from a stamp battery (used for crushing gold ore) from a gold mine in Klerksdorp, 100 km southwest of Johannesburg (a mere four years after the first discovery of the gold reef in Johannesburg). Bettel found the concentrate to contain "silver, gold, platinum and iridium (with osmium)". Hence, the presence of the platinum group elements in South Africa in minor amounts was well established by the end of the nineteenth century. The earliest authenticated scientific report of the occurrence of platinum in rocks from the Bushveld Complex, South Africa, appears to be that of William Bettel on 10th November 1906. Thereafter, prospecting of the chromite-rich rocks for platinum proved frustrating. It is argued that the resurgence of interest by Dr Hans Merensky in 1924 resulted from his realisation that newly panned platinum had a grain size different from that in the chromite layers and indicated a different source rock, which he promptly located as the Merensky Reef. Fig. 1 Dr Hans Merensky, taken in 1917 at Pietermaritzburg (7) samples of chromite-bearing rock, which he described as "olivine gabbro", and had found them to contain platinum. He regarded this documentation as marking the first instance of platinum in situ in South Africa. Bettel referred to the samples as being from the Transvaal, but did not have permission to divulge exact details of the locality. His description is sufficiently precise that these samples can safely be considered to be from the Bushveld Complex. This report therefore represents the first published documentation of platinum in the Bushveld Complex.
In Situ Platinum

Russian Analogies
Bettel commented on analogies with the Russian occurrences of platinum, which were the major source of platinum at that time. Thus began a mistake or digression by South African geologists to which Percy Wagner referred. Wagner wrote (4): "The professional geologist made only one mistake. He followed too closely the experience gained in the Urals, where platinum is always associated with chromite".
The Russian deposits were all alluvial, but the source rock was known to be chromitite, occurring in peridotite (an olivine-rich rock). The rocks were all uneconomic to mine. It was only the decomposition of the peridotite and chromitite, and upgrading of the dense minerals by river action, that made the alluvial Russian occurrences payable. Indeed, so closely was the Russian analogue followed, that once Merensky found the first outcrops of dunite pipes and the Merensky Reef in the eastern Bushveld in 1924, he focused a great deal of his attention on exploring alluvium in the confluence of two perennial rivers downstream from the outcrop. He incorrectly thought that there might be major concentrations of easily worked alluvial platinum derived from these outcrops.
Chromitite in the Bushveld
The South African geologists followed this Russian model closely and began investigations into the chromite-rich rocks of the Bushveld Complex. By contrast, "the rocks associated with the chromite were neglected" (4). Geologists of the Geological Survey of South Africa, Wagner's employer at the time, made a study of the chromite-rich rocks of the Bushveld Complex. Hall and Humphrey reported the occurrence of platinum in these rocks in 1908 (5), a publication that is often quoted as the first reference to platinum in the Bushveld Complex. Fifteen years later, Wagner (6) reviewed all the information available on platinum in chromite and concluded "that it would never pay to work the chromite rock for that metal [platinum] alone". The highest grade quoted was about 2 g t -1 .
During the period 1906 to 1923, it can be assumed that it was not only the Geological Survey that was actively evaluating the platinum potential in chromite. It would appear that considerable exploration was also being undertaken. The extent of this can only be guessed, but the biography of Dr Hans Merensky by Olga Lehmann, "Look Beyond the Wind" (7) , contains an interesting few sentences. Referring to the period before 1924, Lehmann wrote "Many prospectors, including Merensky, found copious chromite…", but there had been "four or five disastrous platinum discoveries of former years that had not covered their finders in glory". If Merensky had been involved in previous unsuccessful exploration projects in the eastern Bushveld, why should he try to raise money again in 1924 for yet another prospecting campaign?
"Look Beyond the Wind"
The above review is based entirely on published documents, but I now speculate on why Merensky would contemplate a subsequent exploration project when the previous attempts had been unsuccessful. Admittedly, the first platinum mine in South Africa had just opened in 1923, near Naboomspruit, 150 km away, but Merensky knew well that the host to the platinum there was in quartz veins, geologically apparently totally unrelated to the Bushveld Complex. That was therefore not the incentive.
To get inside Merensky's mind, I must refer to another incident related by Olga Lehmann (7) . Merensky had been contracted by a major mining house in Johannesburg to evaluate a reported gold discovery in Madagascar. Several consultants joined ship in July 1905 en route to Madagascar, and were shown an area in which gold had been found. Merensky and others retraced this gold with their pans through several streams and small pits. Then Merensky "looked beyond the wind". He turned in the opposite direction from his hotel and began panning other streams. He again found gold and realised that the area which the consultants were meant to investigate had been salted (illegal enrichment of an ore in an area or sample to be assayed). How? Merensky recognised that the gold grains panned in the area being promoted and the gold grains he found from elsewhere were of different shapes, and that the associated dense minerals in his pan were different in the two localities. Sadly, salting was not an unknown activity in those days, but Merensky had looked beyond the obvious, used his mineralogical acumen and recognised the fallacy!
Merensky's 1924 Exploration
The next question is how the Madagascar salting incident relates to Merensky's 1924 visit to the eastern Bushveld. Previous exploration projects had focused on the chromitite layers. A great deal is now known about the platinum group minerals and their sizes in the chromitite layers, especially the Upper Group 2 chromitite layer. Their typical size is from 2 to (rarely) 30 μm (8) . Merensky would have known that panning in the field from crushed chromitite yielded very little platinum, because it was so fine grained that it was washed out of the pan. Had he ever found any in his pan, it would have been almost submicroscopic. Presumably, platinum grades based on panning would not have agreed with chemical analyses of chromite ore samples. Lest modern mineralogists question the accuracy of such comparative tests, it should be noted that Merensky stated in his early reports that panning and chemical analysis of samples from the Merensky Reef gave remarkably similar grades.
In 1924, Andries Lombaard, a farmer in the eastern Bushveld, sent Merensky an "aspirin bottle" containing a white concentrate, panned from a stream on his farm, Maandagshoek. Merensky had it chemically analysed to confirm that it was platinum. Merensky evidently used his experience in Madagascar to good effect. He looked at the particle size of the platinum group minerals in the concentrate, and realised that they were enormous by comparison with everything that had been found in the chromitite layers. Merkle and McKenzie (8) reported typical grain sizes from the Merensky Reef as 10-200 μm, and Wagner (9) reported a grain of 0.9 cm from the dunite pipes.
In 1998 the present author revisited the area on Maandagshoek from where Lombaard panned platinum. Some soil samples were analysed by Anglo Platinum (10) . Subsequently some German colleagues undertook a mineralogical study of the same area and found grains of various platinum group minerals in excess of 0.2 mm or 200 μm size (11) (see Figure 2 ). Merensky performed both studies in a matter of a day in 1924, and came to the right conclusion. Merensky realised that the platinum grains on Maandagshoek were totally different from those found in the chromitite layers, and indicated a different source rock. The material was also coarse enough to be separable mechanically (the main extraction process in those days), with very good recovery of up to 85% (7) . He commenced his often-documented exploration with Lombaard. This ultimately had enormous consequences for the world platinum industry.
Sceptics may claim that my suggestion cannot be verified. None of the reports written by Merensky himself contain any interpretation or rationale to his prospecting, merely very factual statements. However, the many and varied discoveries made by Merensky and documented by Olga Lehmann (7) demonstrate his remarkably astute geological sense. His appreciation of the significance of grain size would have been an obvious parameter in his prospecting skills.
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Grant Cawthorn comes from England. He has degrees in geology from Durham and Edinburgh Universities. After a post-doctoral fellowship in Newfoundland, he now teaches igneous petrology in the Department of Geology at the University of the Witwatersrand, South Africa. His main interest is in the formation of the Bushveld Complex with its vast reserves of platinum, chromium and vanadium. His post at the University is supported by the mining industry, and he holds the title of the Platinum Industry's Professor of Igneous Petrology. Fig. 2(c) Grain (c) has been cut through its centre and is photographed through a microscope. Its overall rounded shape suggests long transportation. It is made of several discrete minerals. The platinum alloy is labelled Pt-Fe, and other minerals are labelled as follows: 1: laurite (RuS2); 2: an unnamed mineral (Pd11Te2As2); 3: palladoarsenide (Pd2As); 4: sperrylite (PtAs2); 5: irarsite (IrAsS) Fig. 2 Fig. 2(a) Grain (a) is a well-rounded grain of platinum-iron alloy; its shape suggests that it has been transported over a long distance and rolled about in a river system Grains of platinum group minerals panned from the farm Maandagshoek in the eastern Bushveld Complex, where the Merensky Reef was found in 1924. These photographs were reported by Oberthür et al. (11) , and are reproduced here by permission of the Editor of The Canadian Mineralogist. Note the scale, indicating that these are large grains (by platinum group mineral standards), and are very different from anything found in chromitite layers Layered mafic-ultramafic massifs remain the main focus of mineral exploration for the platinum group elements (PGEs). The large PGE reserves in the Bushveld, Stillwater, Sudbury and Great Dyke complexes provide the major share of platinum metals production, particularly the Bushveld, in South Africa. However, looking back to the beginning of the 20th century, it is surprising how important PGE lode mining was from unique geological structures like Onverwacht and Mooihoek (South Africa), and Nizhny Tagil (Urals, Russia). The iron-rich platinum pipe bodies found throughout the eastern lobe of the Bushveld Complex were probably discovered during early exploration of this igneous complex. In fact, the first discoveries of economic levels of PGEs were in the Onverwacht and Mooihoek platinum pipes. The term IRUP, iron-rich ultramafic pegmatite (1, 2), describes the crosscutting pipes, veins and subconcordant sheets of very coarse-grained ultramafic pegmatite that disrupt the Bushveld Critical Zone in South Africa (3).
(b) Grain (b) is a near-perfect cube, also of platinum-iron alloy. The corners of grain (b) are still sharp, suggesting a very local derivation
Ural-Alaskan Type Complexes (U-ATCs) are a group of zoned mafic-ultramafic intrusive bodies, generally of sub-circular/stock-like shape, rarely exceeding 10 km in diameter. They are well known as a source of platinum placers in the Urals, in the far east of Russia, in south-east Alaska, Colombia, Australia and other regions (4) (5) (6) . Some of the biggest platinum placers in the world were discovered in the Urals over 150 years ago, and during the first hundred years of operation yielded about 400 tons of platinum. Despite this placer production, there has been very limited lode mining from the source rocks. The disparity in production between placer and lode deposits is due partly to the disseminated nature of the PGE mineralisation and partly to the difficulty of identifying and exploring narrow diameter pipes. Typical PGE mineralisation, found in Nizhny Tagil and the IRUPs of South Africa, is concentrated in discrete core zones (of 10 to 24 m diameter); it comprises fine to very fine disseminated platinum alloys with a large range of compositions. Platinum is the main element. There are also bonanzas with rich concentrations of PGEs up to 2000 g tonne -1 (7) (8) (9) .
The occurrence of these platiniferous pipes is closely linked to geodynamic environments that have a long history of multistage magmatic-metasomatic-hydrothermal evolution. The background to a project in Brazil is described that has found promising concentrations of platinum group elements (PGEs) in phoscorite-carbonatite complexes. Further geochemical and mineralogical research is underway to determine their potential as ore deposits. The wellestablished industrial demand and current level of prices for the platinum group metals have encouraged the exploration of geological environments other than the layered maficultramafic intrusions that provide the bulk of platinum metals. Environments, such as the Ural-Alaskan Type Complexes (U-ATCs) and the associated placer deposits were for many years the only known sources of the PGEs. 
Phoscorite-Carbonatite Pipe (PCP) Complexes
Multistage, phoscorite-carbonatite zoned complexes are found worldwide, but the most interesting are in the Kola Peninsula, at Maymeicha-Kotui in northern Siberia, at the Aldan Shield in the far east of Russia, in Alaska, in the east coast countries of Africa, and in the centralsouthern region of Brazil.
Phoscorite-carbonatite complexes are small, pipe-like bodies. They may take the form of dikes, sills, small plugs or irregular masses. A typical pipelike body is of subcircular or elliptical cross-section and 3 to 4 km in diameter. Pipes extend to depths of 3 to 13 km or more (10) .
The magmatic mineralisation in pipe-like carbonatite is commonly found in crescent-shaped, steeply dipping zones. Metasomatic mineralisation occurs as irregular forms or veins (11) . PCP com-plexes possess a deep-step structure, and have experienced a prolonged, multistage metasomatichydrothermal evolution. Their complex composition and internal structure is clearly indicative of multiple intrusions/injections of molten partially crystallised magmatic masses. Tectonic discontinuities, layering, banding and steep inward concentric dips all indicate episodic diapiric emplacement mechanisms. Phoscorites and carbonatites are present as paired rocks; they occur near the nuclear area of the PCP complexes. Phoscorites are practically always associated with carbonatites, but many carbonatite complexes, especially those of linear structure, do not contain phoscorites.
Phoscorites, by definition, are medium and coarse-grained igneous rocks of magnetiteforsterite-apatite composition (12) . Besides typical phoscorites, there are a variety of rock types of (26)). Catalão, Salitre, Tapira and Ipanema PCP complexes are indicated. Some occurrences are in the sea; the dots near the shore and in the sea represent intrusive alkaline volcanic rocks, including some volcanic sea islands. Those alkaline intrusions and volcanic islands are related to the post-cretaceous mechanism that resulted in the formation of the South Atlantic Ocean similar mineral composition in the same geological environment. Some of these contain diopside instead of forsterite, while others contain actinolite, with or without relicts of diopside or phlogopite and tetraferriphlogopite (13) . In the PCP complexes calcite-carbonatite is the dominant rock type, followed by dolomite-carbonatite.
Carbonatites occur in close spatial and temporal association with phoscorites and often form multiphase phoscorite-carbonatite series. The phoscorite-carbonatite series are mantle-derived rocks, and much discussion centres on whether carbonatite and phoscorites separate by fractional crystallisation and accumulation, by liquid immiscibility, or by both mechanisms. The existence of multistage phoscorite-carbonatite complexes, the similar mineral association and their geochemical peculiarities indicate, without doubt, that both rocks were formed from a parental magma by some method of differentiation. The mantle origin of phoscorite has been confirmed by both radiogenic and stable isotope studies (13, 14) . Recently, a growing body of evidence has suggested that such magmas could be derived directly from depths in excess of 70 km by partial melting of the carbonated mantle peridotite (15, 16) .
Multiple intrusions are revealed by the lithological and structural arrangement of successive stages of paired phoscorite-carbonatite; there are six at Kovdor (Russia) (14) , two at Solki (Finland) (17), at least two in Phalaborwa (South Africa) (18, 19) and five in Tapira (Brazil) (20, 21) .
The economic relevance of the PCP complexes is demonstrated by the presence of large hosted mining operations, such as phosphate mining at Phalaborwa, Jacupiranga, Tapira and Catalão (Brazil); Kovdor (Russia); baddeleyite mining at Phalaborwa and Kovdor; copper mining at Phalaborwa; iron mining at Kovdor; niobium mining at Araxá and Catalão (Brazil), see Figures 1 and 2, and uranium mining at Phalaborwa and Araxá.
The evolution of carbonatite and alkaline complexes could be related to crustal evolution dynamics and to continental rifting; carbonatite and alkaline complexes were formed shortly before the continental break-up and the opening of the ocean basins. Continental-type U-ATCs are closely related to PCP complexes; for instance, the large cylindrical platiniferous dunite-pyroxenite/alkaline intrusive complexes at Inagly, Kondyor and Guli platinum province in the Aldan Shield, eastern Siberia. These alkali-ultrabasic complexes are widespread in tectonically stable areas of eastern Russia. These complexes usually exhibit well-formed, concentric zoned structures, and are mainly composed of platinum-bearing chrome-spinel dunites and pyroxenites, which are very similar to those occurring in the Ural Platinum Belt (UPB) (22) . However, in contrast to the Uralian ultramafic massifs, the Aldanian massifs occur as isolated, pipe-like bodies intruding the Archean crystalline basement.
The strong similarities between the Uralian and Aldanian platinum-bearing ultramafic rocks is thought to reflect similar melt-rock interaction mechanisms during their individualisation in the shallow mantle, before their emplacement in different geodynamic contexts. The geodynamic
Fig. 2 A panoramic view of the Catalão PCP mine taken in October 2004. The sides show the benches of typical mines. This mine is still in operation and besides phosphate, a significant amount of niobium ore is being mined here
setting was probably subduction-related for the Uralian-Alaskan zoned complexes and it is clearly intra-continental, possibly related to a rift zone for the Aldanian massifs (23) .
Could PCP Complexes Generate PGE Ore Deposits?
PCP complexes are assumed to be associated with the continental-type U-ATCs series, similar to the Aldanian massifs, and have been examined as a potential source for research on minerals of the PGEs. The question is, could some highly siderophile mantelic magma, by recurrent and multiphase magmatic-metasomatic-hydrothermal evolution, result in PGE ore deposits? Indications of such a process are isolated, for instance: • Platinum group metals have been recovered from electrolytic refinery sludge at Phalaborwa for many years (24) . • PGE mineral phases have been reported in some ore concentrates from Phalaborwa and Kovdor (25) .
Despite the suggestion that the PGE and goldsilver mineralisation of the Kovdor and Phalaborwa complexes has a close spatial and probably genetic relationship with the multistage magmatic and post-magmatic processes, there is no consistent empirical evidence to support this.
The strategy of the current research was to use geological knowledge accumulated at PCP complexes that have been mined over a number of years. A field and laboratory research programme was drawn up to survey four typical PCP intrusions located in central southern Brazil: Ipanema, Tapira, Salitre I and Catalão II, and also at Phalaborwa in South Africa.
It was assumed that a selective survey of rock geochemistry could define any potential PGE enrichment in the PCP complexes and could provide sufficient data to establish a connection between the evolution of the PCP phases and the PGE concentration. The survey used a mineral exploration approach to look for PGE concentrations at ore standard. Current geological concepts and exploration methodology, known to be effective in this area, were used. However, exploration is not driven by highly specialised models or by using a range of techniques, so a follow-up exploration is necessary in order to establish appropriate techniques that can be adapted for effective exploration.
The Brazilian PCP Complexes
Voluminous flood basalt magmatism occurred in central and southern Brazil from the Early Cretaceous period to the Eocene time. These regions include the extensive Early Cretaceous Paraná continental flood basalt province and a number of Early Cretaceous to Eocene alkaline igneous provinces that surround the Paraná Basin, see Figure 1 .
Some quite large (up to 65 km 2 ) intrusive, carbonatite-bearing ultramafic complexes are located in these provinces (21 With kamafugites, lamproites and kimberlites, these complexes are multistage intrusions emplaced into Late-Proterozoic metamorphic terrains (20) . The PCP complexes are formed by the amalgamation of multiphase intrusions comprising mainly ultramafic rocks (dunite, wehrlite and clinopyroxenite), see Figure 3 , with subordinate calcite-carbonatite, phoscorite and syenite.
The phoscorite-carbonatite rock pair in the Brazilian PCP complexes is represented mainly by apatite, magnetite, diopside (minor phlogopite) Fig. 3 A specimen of magnetite-biotite-perovskitepyroxenite from the Tapira phosphate mine in Brazil phoscorite rock associated with calcite-carbonatite, see Figure 4 .
The surface shape expression of all PCP complexes is almost rounded or oval, internally concentrically zoned, with diameters varying from 1 to 7 km, depending on the level of erosion. However, the size of the actual phoscorite-carbonatite bodies is even smaller (27) . Rock identification at the surface is quite difficult, as chemical weathering results in deep soil formation and a poor fresh rock exposure, see Figure 5 .
The Phalaborwa PCP Complex
The Phalaborwa complex intruded the Archean basement at the edge of the Kapvaal Craton in Early Proterozoic times (2.06 million years ago) and consists of concentrically zoned, multiple intrusions, which decrease in age from the margin to the core. The core is an elliptically-shaped vertical intrusion known as the Loolekop pipe (18, 19) . The host Phalaborwa complex is mainly composed of ultramafic rocks (dunite and pyroxenite) with a core of carbonatite and phoscorite. Minor rock types include glimmerite, syenite and fenite. The core of the composite intrusion shows a concentric arrangement of phoscorite around the margin and a core of banded carbonatite. Both these rock types were intruded by the central transgressive carbonatite, see Figure 6 .
The phoscorite is composed of olivine, magnetite, apatite and phlogopite. The mineral composition and grain size present a wide range variation. The banded carbonatite consists largely of magnetite-rich calcite-carbonatite, with minor amounts of apatite, olivine, phlogopite and biotite. The transgressive carbonatite is mineralogically similar to the banded carbonatite, but lacks the banding and represents a younger crosscutting intrusive rock (24) .
Field and Laboratory Surveys
The present research was oriented to identify possible PGE concentrations (at ore standard) and to establish if there was a relationship between the PGE concentration and individual rock types from the selected PCP complexes. To avoid the weathered upper zone, sampling was done on fresh rock In order to avoid the "nugget effect", large volume chip rock samples (15 kg on average) were collected from every kind of rock type at the Ipanema, Tapira, Salitre I, Catalão II and Phalaborwa PCP intrusions. In all 70 samples were collected, amounting to 1500 kg (Table I) .
Rock sampling was planned after consideration of all geological data available from the selected PCP complexes. Representative samples were collected from the main rock types, represented by:
Tapira: pyroxenite ( Figure 3 ) and phoscorite; Salitre: pyroxenite, phoscorite and carbonatite; Catalão: phoscorite and carbonatite ( Figure 4) ; Ipanema: phoscorite and magnetitite; and Phalaborwa: pyroxenite, phoscorite, banded carbonatite ( Figure 6 ) and transgressive carbonatite. Each rock sample was crushed, homogenised, cross-split and finally pulverised in an oscillating mill to less than 0.044 mm particle size, before being taken for chemical assay. The first round of chemical analyses (54 samples), was performed by the Analytical Science Division of Mintek (South Africa), using the fire assay technique with NiS collection and ICP-OES for the final PGE notation. The laboratory procedures were certified; SARM7 (Standard South Africa) was the reference sample and every sample was assayed twice.
The It should be noted that the rock samples from Salitre and Tapira were taken from available drill cores, so were not as representative as the samples from Catalão, Ipanema and Phalaborwa collected from the mining pit benches. The negative result obtained for these areas must take the sampling constraints into account, and consequently should not be taken as a definitive statement.
On comparing the data, it can be seen that the relative abundance of PGE in Brazilian PCP complexes shows a distinct enrichment in rhodium (up to 0.60 ppm), with no indication of iridium concentration, whereas the rocks from Phalaborwa do not register rhodium enrichment, but show a very significant iridium concentration (up to 13.5 ppm).
A general statement of PGE concentration is: Catalão:
Pt > Pd > Ru > Rh > Os Ipanema:
Pt > Pd > Os > Rh > Ru Phalaborwa: Pt > Pd > Ru > Ir > Os All the rock samples were graded for particle size distribution by wet screening, followed by chemical and mineralogical analyses as well as magnetic separation studies. The research, which is still in progress, will be followed by systematic chemical and mineralogical studies. At present, total rock geochemical analysis, including major and minor trace elements, including the rare earths, is being determined by AAS and/or ICP spectroscopy. The rock samples will be surveyed for process mineralogy studies, and thin-polished samples will be prepared for optical and scanning electron microscopy analyses. Mineralogical analyses will be performed by X-ray diffraction, optical mineralogy and scanning electron microscopy with energy dispersive X-ray spectrometer (SEM-EDS). Gravitational concentration and heavy minerals extraction for a sensitive mineralogical (microprobe) study will also be undertaken.
The author is aware that the following mineralogical study will be much more difficult and time consuming, and is of higher risk. The Brazilian laboratory expertise and technical apparatus may not be sufficient. So it is further intended to ask for the collaboration of Russian mineralogists, especially those linked with St. Petersburg University or with NATI Research JSC, St. Petersburg.
The main aim will be to identify the PGE mineralogical phases and to establish their relationship with associated silicate and oxide minerals, looking for a probable genetic connection between the PGE concentration process and the evolution of the phoscorite-carbonatite complexes. The laboratory procedures will be performed at the University of São Paulo, and other international academic and commercial research facilities.
Discussion and Conclusions
The PGEs, rhenium and gold comprise the socalled highly siderophile elements (HSE), the abundances of which in the upper mantle are often in the parts per trillion (ppt) range, and, which in the undepleted primitive upper mantle, are in approximately chondritic proportions (28, 29) . Phoscorite-carbonatite pipes (PCP) are generated in a geodynamic environment which provides appropriate structural control to enable the vertical migration of dense iron-rich melts, over thousands of metres, and, equally important, their concentration into relatively small core zones. There is a limited understanding of the role of the magma mixing, assimilation, crustal metasomatism and other subsolidus processes in the origin and evolution of PCP complexes. However, the role of metasomatism, including late-stage alteration is also important in the ultimate understanding of the PGE enrichment processes.
PGE mineralisation has a close spatial and probably genetic relationship with the multistage magmatic and post-magmatic evolution of PCP complexes. The PGE enriched zones, in the core zones of PCP complexes, represent the final product of a series of superimposed events like the progressive PGE fractionation during the evolution of mantle magma and the recurrence of magmatic pulse events.
The parental sulfur-poor/oxygen-rich melt system tends to result in a PGE ore mineralogy assemblage similar to those from classical ultramafic platiniferous pipes. These pipes are commercially very attractive because of the low capital cost of establishing ore dressing facilities, that is, the bulk of the PGEs could be recovered by conventional gravity and magnetic separation technologies.
The PGE concentrations in Catalão, Ipanema and Phalaborwa provide solid evidence of the PGE potential of PCP complexes, particularly in regare to their ore concentration level. The PGE occurrence in Ipanema shows the need to pay attention to the detection of Fe-Cr and PGE-rich vein-type varieties of spinels. The wide development of such Fe-spinel veins is indicative of a low erosion level at the PCP complex cupola, and consequently, a better PGE potential (22) .
The theoretical and factual data encourage the assumption that PCP intrusions are a very promising target for PGE mineralisation. It is proposed that the platiniferous pipe conceptual model should be extended to take into account PCP complexes as a promising new member. For systematic mineral exploration, the PGE exploration strategy for PCP complexes must be directed mainly to a selective structural and geochemistry survey, instead of to conventional saturation rock sampling geochemistry. Johnson Matthey records a world demand for platinum of 6.7 million oz in 2005, an annual rise of 160,000 oz (2 per cent). Purchases by the autocatalyst sector again grew strongly, with demand increasing by 330,000 oz to a new high of 3.82 million oz. Europe accounted for most of this growth, attributable to continued tightening of emissions rules and greater use of catalysed soot filters in light-duty diesel vehicle applications.
Purchases of platinum for jewellery manufacture fell by 200,000 oz (9 per cent) to 1.96 million oz. A strong platinum price prompted stock reductions across the trade, and encouraged the recycling of old jewellery. Chinese jewellery demand for platinum fell to its lowest for seven years. Demand in Japan and North America also contracted.
Industrial demand for platinum climbed by 9 per cent to 1.675 million oz in 2005, cited as an all-time high. In the electrical sector there was further growth in the production of data storage disks using a platinum alloy layer. Continuing expansion of liquid crystal display glass manufacturing in Asia drove demand for platinum in glass applications to a record level. Consumption of platinum for making catalysts for petroleum refining and chemical manufacture also increased.
World supplies of platinum increased by 2 per cent in 2005, rising to 6.63 million oz, primarily due to greater output from South Africa, which increased by 2 per cent to 5.11 million oz. This increase was less than anticipated, since efforts to expand output were hampered by a number of operational problems. Supplies from North America and Russia fell slightly.
Demand for palladium increased by 7 per cent to 7.04 million oz in 2005, due almost entirely to substantially greater use of the metal in jewellery. Palladium purchases for jewellery manufacture, driven by rapid market development in China, rose by 54 per cent to 1.43 million oz. Autocatalyst demand for palladium increased marginally to 3.81 million oz. Although automotive manufacturers made greater use of palladium catalyst systems than in 2004, average loadings of palladium on catalysts continued to decline.
Palladium supplies fell by 2 per cent to 8.39 million oz; growth in South African output did not offset lower production in North America and a drop in sales of Russian metal.
Purchases of rhodium expanded by 11 per cent to 812,000 oz in 2005, equalling the previous high recorded in 2000. Use of the metal in autocatalyst, glass and chemical applications increased.
A special feature, 'Other Applications for Platinum', highlights a wide range of further uses of platinum. These vary from mediumscale automotive and medical applications to many small end uses such as stationary source pollution control, gas safety sensors and cathodic protection. Each of the latter uses requires just a few thousand ounces. In the automotive sector, spark plugs and oxygen sensors account for a combined platinum consumption of more than 130,000 oz in 2005. Biomedical uses of platinum (with an estimated consumption of a little over 100,000 oz in 2005) range from anticancer drugs to devices associated with innovative treatments for heart and brain disease. 
Introduction
The Subsecond Thermophysics Group at Graz University of Technology has been working to determine the thermophysical properties of liquid metals for about 25 years. The work remains relevant and of current interest for scientific applications as well as for the metalworking industry. Accurate data for the melting transition and the liquid state are often sparse, but are essential inputs to computer simulations, for instance those of solidification or die-casting.
Palladium is used in dentistry, jewellery, watchmaking, spark plugs, the production of electrical contacts, and metallising ceramics (1) . Finely divided palladium makes a good catalyst, used to accelerate hydrogenation and dehydrogenation reactions, and for petroleum cracking. The palladium-hydrogen electrode is used in electrochemical studies. Palladium has recently attracted much interest as a potential replacement for higherpriced platinum in catalytic converters for controlling emissions from diesel vehicles.
The present experiments on palladium form part of a systematic investigation of the thermophysical properties of the platinum group metals. Measurements on rhodium are scheduled in the present programme; osmium and ruthenium are not available in wire shape. Platinum and iridium have already been investigated (2) (3) (4) , and show a slight increase of normal spectral emissivity at wavelength 684.5 nm in the liquid phase, similar to the trend in emissivity values for palladium reported in the present work.
Experimental and Data Reduction Procedures
Using a pulse-heating apparatus (Figure 1) , the thermophysical properties of conducting materials are accessible from the solid state up to the end of the stable liquid phase. For the present investigations, palladium samples in the form of wire (0.5 mm diameter, 60 mm length, purity 99.9%, purchased from Alfa Aesar, Stock 10279, lot F28J28) were incorporated in a capacitor-driven discharge circuit and resistively pulse-heated.
The following parameters were determined directly:
From these, the following thermophysical properties were derived: The results from fast-pulse heating experiments (of duration 60 μs) performed on pure palladium are presented. Thermophysical properties derived include specific enthalpy, enthalpy of fusion, electrical resistivity, isobaric heat capacity, thermal conductivity and thermal diffusivity, over a range of temperatures from the melting transition up to some hundred degrees higher in the liquid state. Additionally, normal spectral emissivity at wavelength 684.5 nm is presented, from room temperature up to superheated liquid states. Experimental details are described extensively elsewhere (2, 5) .
To enable accurate and unambiguous temperature determination over such a large range, pyrometric detection based on Planck's law of black-body radiation (6) was used. Normal spectral emissivity data were determined by an ellipsometric method (division of amplitude polarimeter; μs-DOAP) (7, 8) to avoid uncertainties arising from the unknown emissivity and its behaviour over the temperature range of the measurement.
Results
In Figure 2 , the normal spectral emissivity, ε, of palladium at wavelength 684.5 nm is plotted against radiance temperature, T rad , and compared with literature results. The melting temperature of palladium, T m , is 1828 K (9), whereas the radiance temperature at melting is 1680 K for wavelength 650 nm. At the latter temperature, the value of the emissivity is 0.36. An average of seven measure- Average of seven measurements from this work --Value from least squares fit Ref. (10) • ments in the liquid phase produced the following linear fit for normal spectral emissivity in the radiance temperature range 1680 K < T rad < 3200 K:
At the end of the solid phase, emissivity values were around 0.49 (following surface preparation with abrasive paper of grade 1200 or 4000). As the surface smooths during liquefaction, a strong decrease can be observed; the emissivity is 0.360 at the end of melting. An emissivity of 0.3602 for liquid palladium at the melting temperature is reported (10) ; this was interpolated for wavelength 684.5 nm. A slight increase of normal spectral emissivity is observed up to 3200 K; this is similar to the behaviour reported for platinum (11) . Figure 3 is a plot of specific enthalpy, H, versus temperature, T. Since this work focuses mainly on melting and the beginning of the liquid phase, temperature dependences are shown in all plots from around 1500 K upwards.
For the solid and liquid phases in the temperature ranges: 1550 K < T < 1828 K and 1828 K < T < 2900 K respectively, averages of seven pulseheating measurements give: where H is in kJ kg -1 and T in K. The slope of Equation (iib) gives a constant value of the isobaric heat capacity, c p , of (351 ± 36) J kg -1 K -1 ; Arblaster (11) recommends for the liquid a value of 387 J kg -1 K -1 . (Our conversion from the molar value uses an atomic weight of 106.42 (11) ). At melting, which is indicated in Figure 3 by a vertical broken line, the specific enthalpy changes from H s = 425.9 kJ kg -1 to H l = 585.5 kJ kg -1 (the subscripts s and l denoting solid and liquid respectively.) These results yield ΔH = (159.6 ± 16) kJ kg -1 for the enthalpy of fusion. Arblaster (11) recommends specific enthalpy values of 442.3 kJ kg -1 for the onset of melting and 593.4 kJ kg -1 for the end of melting, yielding ΔH = (151.1 ± 6.9) kJ kg -1 for the enthalpy of fusion. Dinsdale (12) reports a value of ΔH = 157.3 kJ kg -1 for the enthalpy of fusion. Seydel et al. (13, 14) report specific enthalpy values of 445 kJ kg -1 for the onset of melting and 609 kJ kg -1 for the end of melting, giving ΔH = 164 kJ kg -1 for the enthalpy of fusion. Figure 4 shows electrical resistivity, ρ, as a function of temperature, T. At the onset of melting, indicated by a vertical broken line, a resistivity value of 0.461 μΩ m is obtained for the initial geometry (i.e. with no correction for thermal expansion). The corresponding value at the end of melting is 0.724 μΩ m. Thus an increase Δρ = 0.263 μΩ m is observed at melting.
The linear fit to the present values for the liq- 
where ρ is in μΩm and T in K. For electrical resistivity that is compensated for thermal expansion, ρ v , Seydel and Kitzel's (13) thermal expansivity values for palladium were adopted. Several other authors also report density values for palladium (15) (16) (17) . The change in diameter (and hence cross-section) of the sample with heating results in a shift to higher resistivity values. At the onset of melting, a volume-adjusted resistivity of 0.495 μΩm was obtained, and at the end of melting 0.844 μΩm. Thus an increase Δρ = 0.349 μΩ m at melting is observed. Matula (18) recommends a resistivity at the onset of melting of 0.46 μΩm and for the end of melting 0.83 μΩm, giving an increase Δρ = 0.37 μΩm at melting.
The polynomial fit to the present volumeadjusted values for liquid palladium in the temperature range 1828 K < T < 2900 K is:
where ρv is in μΩm and T in K. The present resistivity values, compensated for thermal expansion, agree excellently with Matula's recommendations (18) for the liquid phase, and well for the solid. Figure 5 is a plot of thermal conductivity, λ, against temperature, T. To estimate thermal conductivity via the Wiedeman-Franz law (6), Seydel and Kitzel's density data (13) were again used to correct electrical resistivity for actual thermal expansion. For liquid palladium in the temperature range 1828 K < T < 2900 K:
where λ is in W m -1 K -1 and T in K. At the onset of melting a thermal conductivity value of 85.3 W m -1 K -1 was obtained, and at the end of melting, for the beginning of the liquid phase, 54 W m -1 K -1 . Zinovyev (19) reports a value of 86 W m -1 K -1 at 1600 K. Vlasov et al. (20) as cited by Mills et al. (21) report thermal conductivity values for the end of the solid phase and the beginning of the liquid phase of 99 and 87 W m -1 K -1 , respectively.
Thermal diffusivity, a, can be estimated from thermal conductivity (2) . Thermal diffusivity is not plotted against temperature here; this gives no additional relevant information since λ and cp are used for the calculation. The corresponding fit for liquid palladium in the temperature range 1828 K < T < 2900 K yields: melting a value for a of 2.75 × 10 -5 m 2 s -1 was obtained, and at the end of melting, for the beginning of the liquid phase, a was 1.46 × 10 -5 m 2 s -1 .
Discussion
Thermophysical data for liquid palladium are quite sparse in the literature. Seydel and Kitzel (13) report only enthalpy dependences and no temperature dependences, since they did not perform the latter measurements. The values found here for the normal spectral emissivity ε for liquid palladium at wavelength 684.5 nm at the end of melting give an excellent match to that reported by McClure et al. (10) . The enthalpy of fusion obtained here compares very satisfactorily with the results reported by Arblaster (11) , Dinsdale (12) and Seydel et al. (13, 14) , within the range of uncertainty of the present work. Further, selected values from (22) , considered the best of their time, must be considered outdated for comparison purposes.
The temperature-dependent resistivity values reported here agree well with the recommended values of Matula (18) , within the present experimental uncertainty. Only a comparison of the present thermal conductivity values at the onset and end of melting with corresponding data from Vlasov et al. (20) as reported by Mills et al. (21) shows a significant discrepancy, but Zinovyev's data (19) for the end of the solid phase appear to confirm the thermal conductivity values obtained in the present work.
Uncertainties
Within the terms of (23), the uncertainties reported here are expanded relative uncertainties with a coverage factor of k = 2. The uncertainties given in Table I have been derived for the thermophysical properties calculated here.
Conclusion
For liquid palladium, a set of thermophysical data is reported here: enthalpy, isobaric heat capacity, electrical resistivity, thermal conductivity and thermal diffusivity as a function of temperature. Since temperature measurement is combined with simultaneous emissivity measurements, there is no ambiguity in the present temperature-dependent data. Mn x Pd1x alloys and compounds (1) were prepared by Ar arc melting. The samples were melted repeatedly (four times) in the same atmosphere to ensure homogeneity. The electronic structures of (1) were studied using XPS. Both valence band and core level spectra were analysed. The magnetic properties of (1) are strongly correlated with their crystallographic properties and can be explained considering only the near-neighbour antiferromagnetic interactions between both Mn and Pd atoms and Mn-Mn pairs.
PROPERTIES
Dramatic Evolution of Magnetic Properties Induced by Electronic Change in Ce(Pd1x Ag x )2Al3
The direct chemical synthesis of Pt-polyaniline (1) composites was achieved by the oxidation of aniline by PtCl6 2-. The Pt particles were ~ 1 μm in diameter. Electrochemical synthesis of (1) was initiated by the uptake and reduction of PtCl6 2into an a priori electrochemically deposited polyaniline film. This method produced a uniform dispersion of Pt particles with diameters of 200 nm-1 μm. Blends of a blue-violet absorbing Pt-acetylide polymer (1) with 1-(3-(methoxycarbonyl)propyl)-1phenyl[6.6]C61 (PCBM), can be used as the active material in a photovoltaic device. (1) acts as the chromophore and electron donor blended with PCBM as an electron acceptor. Photoinduced charge separation in the blends is believed to occur via the triplet excited state of the organometallic polymer.
Electrocatalytic Activity for Hydrogen Evolution of Polypyrrole Films Modified with Noble Metal Particles
Structurally Integrated Organic Light Emitting Device-Based Sensors for Gas Phase and Dissolved Oxygen
R. SHINAR, Z. ZHOU, B. CHOUDHURY and J. SHINA, Anal. Chim. Acta, 2006, 568, (1-2) , [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] The O2-sensitive dyes Pt-or Pd-octaethylporphyrin (1), were embedded in polystyrene, or dissolved in solution. Their performance was compared to that of Ru(dpp)3 2+ . A green OLED, based on Alq3, was used to excite (1) . The O2 level was monitored in the gas phase and in H2O, EtOH and toluene by measuring changes in the PL lifetime τ of (1).
Photophysical Properties of the Photosensitizer [Ru(bpy)2(5-CNphen)] 2+ and Intramolecular Quenching by Complexation of Cu(II)
M. G. MELLACE, F. FAGALDE, N. E. KATZ, H. R. HESTER and R. SCHMEHL, J. Photochem. Photobiol. A: Chem., 2006, 181, (1), [28] [29] [30] [31] [32] The lifetime of the 3 MLCT emitting state of [Ru(bpy)2(5-CNphen)] 2+ has been determined in MeCN by flash photolysis and time correlated single photon counting techniques. The value obtained, τ = 2.2 μs, suggests its potential use as a photosensitiser in molecular devices. Static and dynamic quenching of the complex luminescence by Cu 2+ ions was seen. The electronic and energetic properties of Pt/Ni and Pt/Co surfaces are examined using the fullpotential linearised augmented plane wave method. The results of the shifts in the d-band centers when one metal (Pt) is pseudomorfically deposited on another with smaller lattice constant (Ni, Co) are presented, together with those corresponding to the surface and adhesion energies. The results for pure Ni, Co and Pt surfaces are given to compare with data in the literature.
ELECTRODEPOSITION AND SURFACE COATINGS Adhesion and Bonding of Pt/Ni and Pt/Co Overlayers: Density Functional Calculations
Self-Assembled Palladium Nanowires by Electroless Deposition
Z. SHI, S. WU and J. A. SZPUNAR, Nanotechnology, 2006, 17, (9), 2161-2166
The self-assembly production of Pd nanowires (1) has been carried out by electroless deposition on a porous stainless steel template. Various arrays of selfassembled (1) in the form of single wire, parallel and curved wires, intersections and network structures are obtainable. (1) can be built in a self-assembled manner by the assembly of nanoparticles generated in the initial stages of the deposition without any external field except the chemical reaction. Area-selective growth of IrO2 nanorods (1) was achieved via MOCVD using (MeCp)Ir(COD) on a sapphire (012) or (100) substrate which consisted of patterned SiO2 as the nongrowth surface. Orientation of (1) was controlled by the in-plane epitaxial relation between the IrO2 crystal and sapphire, along with the IrO2 growth habit in the [001] direction. The photolithography method gave better resolution in preserving rod orientation of (1) at the growth and nongrowth boundary zone. A compact H2 generation system combining NH3 decomposition with separation by a series of Pd membranes (3 μm) has been developed to provide high-purity, CO x -free H2 for fuel cell applications. Removal of H2 product in a Pd membrane reactor was shown to promote NH3 conversion over a Nibased catalyst. However, ex situ integration, in which an NH3 cracker was followed by a Pd membrane purifier, was deemed more suitable for practical uses due to its high productivity of pure H2. A Pd-polyaniline nanocomposite (1) was synthesised by oxidative polymerisation of an aniline solution containing Pd nanoparticles. (1) was highly selective and sensitive to MeOH vapours. The selectivity of (1) was further investigated by exposing it to MeOH-EtOH and MeOH-isopropanol. Here (1) exhibited a response identical to that for pure MeOH, except for the response time. A Pd membrane (1), ~ 2.5 μm thick, on Si wafer was successfully prepared using microfabrication technology. H2 permeability of (1) was investigated within 473-673 K, and found to be ~ 50-65% that of a 0.70 mm thick Pd membrane. Grain growth was found in (1) after permeation, and the presence of CO2 reduced H2 permeability significantly. The effect of the support (amorphous silica-alumina (ASA) and C multiwall nanotubes (MWNTs)) on the activity of PtPd catalysts in naphthalene hydrogenation is described. Also, the effect of Au incorporation on PtPd/ASA was studied. AuPtPd/ASA showed the highest naphthalene conversion and lowest deactivation. The less acidic PtPd/C MWNTs did not show S-resistance. The contribution of the acid sites of the support to S-resistance and their deactivation by coke are discussed. Pt5Fe2/SiO2 and PtFe2/SiO2 samples (1), prepared from organometallic cluster precursors decarbonylated in H2 at 350ºC, were found to be highly active for the oxidation of CO in the presence or absence of H2. Pt-Fe nanoparticles were formed with sizes of 1-2 nm. A higher degree of dispersion and more homogeneous mixing of the metals were observed in (1) as compared to a conventionally impregnation prepared PtFe/SiO2 (2). (1) were also more active than Pt/SiO2 or (2) for the oxidation of CO in air. Sunflower oil hydrogenation was carried out using supercritical propane and Pd/γ-Al2O3. The selectivity to cis-isomers and the production of saturated fatty acids was favoured by a small Pd particle size (< 2 nm). There was no significant variation in the reaction rate nor in the TOF. Despite the fact that during the reaction a phase separation occurred, propane was in supercritical state in both phases. The NO3reduction rate of a H2O sample using Pd-Cu/γ-Al2O3 was 2.4 × 10 -01 l/min g cat. The addition of SO4 2-, SO3 2-, HS -, Cl -, HCO3 -, OHand humic acid decreased the NO3reduction rate. Preferential adsorption of Clinhibited NO3reduction to a greater extent than NO2reduction. Dissolved constituents in groundwater decreased the NO3reduction rate. Removal of dissolved organic matter using activated C increased the NO3reduction rate.
Selective Growth of IrO2 Nanorods Using Metalorganic Chemical Vapor Deposition
APPARATUS AND TECHNIQUE
Nanocomposite of Pd-Polyaniline as a Selective Methanol Sensor
Hydrogen Permeation Characteristics of Thin Pd Membrane Prepared by Microfabrication Technology
HETEROGENEOUS CATALYSIS
Effect of Pt Precursors on Catalytic Activity of Pt/TiO2 (Rutile) for Water Gas Shift Reaction at
Improved CO Oxidation in the Presence and Absence of Hydrogen over Cluster-Derived PtFe/SiO2 Catalysts
Hydrogenation of Sunflower Oil on Pd Catalysts in Supercritical Conditions: Effect of the Particle Size
Effects of Natural Water Ions and Humic Acid on Catalytic Nitrate Reduction Kinetics Using an Alumina Supported Pd-Cu Catalyst
HOMOGENEOUS CATALYSIS Recovery and Reuse of Ionic Liquids and Palladium Catalyst for Suzuki Reactions Using Organic Solvent Nanofiltration
H. WONG, C. J. PINK, F. C. FERREIRA and A. G. LIVINGSTON, Green Chem., 2006, 8, (4) , [373] [374] [375] [376] [377] [378] [379] Organic solvent nanofiltration was used for separating ionic liquids (1) and the catalyst Pd2(dba)3-CHCl3 from Suzuki cross-couplings. The reactions were carried out in 50:50 wt.% ethyl acetate and (1). The post reaction mixture was diluted further with ethyl acetate and then separated by nanofiltration. The product was recovered in the nanofiltration permeate, while (1) and Pd catalyst were retained by the membrane. The effect of molecular sieves (MS3A) on Pd(OAc)2/pyridine (1) and Pd(OAc)2/DMSO (2) was investigated by performing kinetic studies of alcohol oxidation. MS3A enhanced the rate of (1)-catalysed oxidation of alcohols. This was attributed to the ability of MS3A to serve as a Brønsted base. In contrast, no rate enhancement was observed with (2) . Both (1) and (2) exhibit improved catalyst stability in the presence of MS3A, resulting in higher catalytic TONs. The MS3A provided a heterogeneous surface that hinders bulk aggregation of Pd metal. Unsymmetric 1,3-disubstituted-imidazolium salts (1) derived from ferrocene were prepared, and their preliminary activities as precursors of N-heterocyclic carbene ligands for Pd-catalysed cross-coupling of aryl bromides with phenylboronic acid were studied. A combination of Pd(OAc)2 and (1) was an excellent catalyst system for the Suzuki-Miyaura cross-coupling of aryl bromides with phenylboronic acid in the presence of Cs2CO3. The hydroformylation of 1-alkenes can be performed in solventless conditions, using ligand-modified or unmodified Rh(0) nanoparticles (1) prepared in imidazolium ionic liquids as catalyst precursors. Aldehydes were generated when 5.0 nm (1) are used. With smaller nanoparticles, chemoselectivity is decreased; large sized nanoparticles (15 nm) produce only small amounts of aldehydes, similarly to a classical heterogeneous Rh/C catalyst precursor. PtRuIr/C MWNTs system (1) was prepared using an organic colloid synthesis method. (1) has a very high real surface area and is highly active toward the oxidation of MeOH. The Ir component acts as a promoter. The splitting of the Pt(111) XRD feature into four peaks and the shift to larger d spacing reflect the high dispersion of the metallic components. A first-principles study of ultrathin KNbO3 ferroelectric films (1) placed between two metal electrodes, either Pt or SrRuO3, was carried out. The strength of bonding and intrinsic dipole moments at the interfaces was shown to control the ferroelectricity. The polarisation profile was inhomogeneous across the film thickness. The critical thickness for the net polarisation of (1) was predicted to be ~ 1 nm for Pt and 1.8 nm for SrRuO3 electrodes. Calculations of specific contact resistance (1) as a function of doping and barrier height were performed for p-GaN. (1) were measured for oxidised Ni/Au, Pd, and oxidised Ni/Pd ohmic contact metal schemes to p-GaN. The Ni/Pd contact had the lowest (1). Some Ni had diffused away from the GaN surface to the contact surface, with the bulk of the Pd located in between two areas of Ni. Both Ni and Pd interdiffused with the GaN at the semiconductor surface. The majority of the O was as NiO. Predominantly NiO and PdO species were formed, with higher Ni and Pd oxides at the contact surface.
Unexpected Roles of Molecular Sieves in Palladium-Catalyzed Aerobic Alcohol Oxidation
Unsymmetric-1,3-Disubstituted Imidazolium Salt for Palladium-Catalyzed Suzuki-Miyaura Cross-Coupling Reactions of Aryl Bromides
Rh(0) Nanoparticles as Catalyst Precursors for the Solventless Hydroformylation of Olefins
FUEL CELLS Thermal Stability in Air of Pt/C Catalysts and PEM Fuel Cell Catalyst Layers
ELECTRICAL AND ELECTRONIC ENGINEERING Interface Effect on Ferroelectricity at the Nanoscale
Calculations and Measurements of Contact Resistance of Semi-Transparent Ni/Pd Contacts to p-GaN
The effects of permanent poisons on platinum group metal (pgm) catalysts are irreversible (1) . The poisons are so strongly absorbed that they cannot be adequately removed, even with aggressive remedial actions such as steaming or thermal regeneration.
Typical examples of permanent poisons encountered when processing hydrocarbon feedstocks would be contaminant metals such as nickel, copper, vanadium and, in particular, 'heavy metals' such as lead, arsenic and mercury (Hg). All these metals have a significant deactivating effect on precious metal catalysts, but the 'heavy metals' have a particularly dramatic impact. This is so even at very low concentrations, either present in the feedstock or accumulated on the catalyst.
The metals content of crude oils may vary from a few ppm to several thousand ppm, depending upon the geographical and geological origin of the crude. The primary refining process involves distilling and fractionating the crude into separate hydrocarbon 'cuts'. Distillation tends to concentrate any metallic components in the oil residue. However, some organometallic compounds are volatilised at distillation temperatures; they therefore distribute in some of the higher-boiling distillate fractions which are then processed further for refinery and petrochemical applications.
Mercury is an increasingly common contaminant, detected in natural gas deposits, coal deposits and in some crude oils from a variety of geographical regions such as South East Asia, parts of the Middle East and South America. Hg may be present in a range of chemical forms, including elemental, ionic and organic, and as suspended solids, in concentrations ranging from a few parts per billion (ppb) to several thousand ppb.
Catalysts consisting of palladium supported on alumina are widely used for the selective hydrogenation of acetylenes in petrochemical processing (2) . These catalysts are adversely affected by heavy metals that accumulate on the surface, and effectively alloy with the precious metal through dπ-dπ bonding. The result is to effectively remove active centres from the desired reaction scheme. Catalyst poisoning reduces yields and shortens catalyst life. It is therefore essential to reduce inlet Hg concentrations to < 5 ppb to achieve an economically acceptable service life. Hg poisoning, if left unchecked, may require an unplanned and premature catalyst change-out, with all its associated costs, including downtime. Unfortunately, it is not easy to detect and measure Hg at these very low concentrations as the metal is lost on sample lines and container walls. Exacting analytical methods and sampling techniques are necessary if the results are to be reliable and consistent. Neutron activation analysis and cold vapour atomic fluorescence spectroscopy have both proven successful for determining Hg concentrations.
The effects of poisons cannot be avoided completely, but they can be mitigated by a carefully designed upstream purification system to protect the pgm catalysts. Although the Hg compounds are not the most reactive, several products have been developed to remove Hg from both gaseous and liquid hydrocarbon streams. Elemental Hg and inorganic Hg species can be very effectively removed (to levels of less than 1 ppb) through surface adsorption on non-regenerable metal sulfide pellets in fixed-bed reactors at ambient temperature. Hg has a high affinity for sulfur, and the metal sulfide reacts chemically with the Hg impurity to form a stable mercuric sulfide.
Several approved disposal and treatment options are available for the Hg-laden spent absorbent.
